The aim of the present study was to estimate the genetic parameters and trends for fat and protein percentages of milk in Iranian Holsteins calving between 2001 and 2010 using the random regression test day model. Data set included 505 160 test day records that were collected by the Animal Breeding Centre of Iran. The Legendre polynomial functions of orders (5, 5) and (5, 6) were chosen to fit the additive genetic and permanent environmental effects of fat and protein percentages, respectively. Estimated heritabilities ranged from 0.053 to 0.232 and 0.111 to 0.259 for fat and protein percentages, respectively. The averages of estimated breeding values were −8.61 and −3.15 and annual genetic trends were −0.74 kg and −0.64 kg for fat and protein percentages, respectively. Negative genetic trends for fat and protein percentages are likely the result of major emphasis on milk yield in the breeding plan of Iranian Holsteins.
Introduction
The aim of animal breeding is to genetically improve livestock populations for production of more efficient animals to guard against future circumstances. Accurate prediction of breeding values of animals is one of the best tools available for maximising response to selection program (Yousefi-Golverdi et al. 2012) . To predict the breeding values it is necessary to know the genetic parameters of important traits or to estimate them using a model similar to the model of animal evaluation. In the most developed countries, the estimation of variance components from an animal model with restricted maximum likelihood method is spread due to its favourable features and flexibility (Interbull 1992 , Kennedy et al. 1988 .
In dairy farms, milk traits are recorded at various times along with lactation and each cow is expected to have about ten daily records per lactation. In traditional methods of genetic evaluations the daily tests would be transformed to a measure for the whole lactation and there will be one record for each animal per lactation. This will decrease the amount of data and cause computational parsimony. But nowadays, thanks to the progress in computer hardware technology, the analysis of large amounts of data has become feasible (Abdullahpour et al. 2010 , Szyda & Liu 1999 ) and then test day models has been developed which can use test day data directly (Abdullahpour et al. 2010) .
Some advantages of test day models are a greater flexibility about milk recording programs (Schaeffer et al. 2000) , accounting more accurately for environmental factors that affect cows at different stage of lactation at the time of test (Jamrozik & Schaeffer 1997 , Jensen 2001 , Schaeffer et al. 2000 , Swalve 2000 , modelling the shape of the lactation curve (Schaeffer et al. 2000 , Silvestre et al. 2005 , increasing the accuracy of genetic evaluations, accounting the number of records per cow and the interval between records (Pool & Meuwissen 1999) , decreasing the costs of milk recording by making fewer measurements (Pool & Meuwissen 1999) , flexibility and the potential to slightly reduce the generation interval by frequent genetic evaluations (Swalve 2000) .
The random regression model is presented by Henderson in 1982 . Schaeffer & Dekkers (1994 used the random regression model for the analysis of test day milk records. Meyer (2004) showed that increase in the amount of data from each animal and the use of random regression model would increase the accuracy of genetic evaluation. In addition, random regression model describes in a continuous manner the structure of covariances over time and allows the estimation of breeding values for total or partial lactation yield, in contrast to multi-trait models which provide point predictions (Bignardi et al. 2009 ). In general, the Legendre polynomials have largely been used to fit random curves due to their ability of describing the variation along the period. They also avoid overparameterisation of genetic variances and heritability at the beginning and the end of curves (Brotherstone et al. 2000 , López-Romero & Carabaño 2003 , Bignardi et al. 2009 ). The results in the literature have shown that the parameter estimates are highly influenced by the order of the covariance functions used to describe the trends for the additive genetic and permanent environment effects and by the residual variance structure. (Meyer 1998) .
The effect of selection on quantitative traits in genetic structure of population always has been considered by animal breeding experts. One of the ways for this purpose is the study of population genetic trends over the past years. Genetic trend evaluates genetic variations over time and also explains the variations of breeding values over consecutive years. A number of methods is available for estimating genetic trends in dairy cattle populations, using either planned selection experiments or data from commercial herds that use control group, regression method and animal model (Nizamani & Berger 1996 , Yousefi-Golverdi et al. 2012 . The precision of genetic trend estimates is enhanced greatly because the number of years, in which it has been studied, increases (Yousefi-Golverdi et al. 2012) .
Although the subject of this study has been investigated by other researchers, the novel items in this study included the use of large data set and the interest of including milk constituents in the analyses. On the other hand, comparison of the current estimates of genetic parameters and trends for milk constituents in Iranian dairy herds with other dairy production systems could be interesting in this study. The aim of the present study was to estimate the genetic trend and genetic analyses of test day fat and protein percentages in Iranian Holstein cattle.
Material and methods
Data of 505 160 daily fat and protein percentage records of the first lactation of Holstein cows with calvings between 2001 and 2010 were obtained from the Animal Breeding Centre of Iran. Records were designated using Foxpro 8.0 and ACCESS 2007 software (Microsoft Corporation, Redmond, WA, USA) and the wrong and unusual records were removed from the dataset. Test day observations before day 5 and after day 400 were discarded. The records of cows were deleted if they had fewer than 8 or more than 12 daily fat and protein percentage records or their ages at first calving were below 20 months or above 36 months. All records belonging to the cows, whose sires had less than ten daughters or their herds comprised less than 150 cows, were removed. The pedigree comprised was including seven generations of sire and dam ancestors. Summaries of the pedigree information and the test day data are presented in Tables 1 and 2 , respectively. GLM procedure of SAS v9.1 software (SAS Institute Inc., Cary, NC, USA) was used for fitting the fixed effects in the statistical models of analysis. All analyses were performed using the random regression analyses of the WOMBAT v1.0 software package using AIREML algorithm on a Linux operating system (Meyer 2007) .
Model
The following random regression model was used in the analysis:
where Y imnptv is the test day record i obtained at dim t of cow p calved at the n-th age in herdtest date m, HTD m is the fixed effect of m-th herd-test date, C f is the f-th fixed regression coefficient for calving age, age n is the n-th calving age, k is the order of fit for fixed regression coefficients (k=2), β r is the r-th fixed regression coefficient, k a is the order of fit for additive genetic random regression coefficients, k p is the order of fit for permanent environmental random regression coefficients, α pr is the r-th random regression coefficient of additive genetic value of p-th cow, γ pr is the r-th random regression coefficient of permanent environmental effect of p-th cow, Φ r (dim t ) is the r-th coefficient of Legendre polynomials evaluated at days in milk t and e mnptv is the random residual error.
Measures of 305 d yields
The estimated breeding value (EBV) of animal p for day t was calculated by:
where EBV pt is the breeding value of cow p at dim t, α pv is the random regression coefficient of additive genetic value of p-th cow, (dim t )Ф is the r-th coefficient of Legendre polynomials evaluated at days in milk t. Therefore, the EBV of animal p for 305 d yields was obtained by summing the EBVs from day 5 to day 305. 
EBVm = ZC

Results and discussion
In order to achieve the appropriate random regression model for the analysis of test day fat and protein percentages with the minimum number of parameters to estimate additive genetic and permanent environmental parameters, different orders of fit for random regression coefficients of additive genetic and permanent environmental effects were evaluated. These models are presented in Table 3 . In models with different orders of fit for additive genetic and permanent environmental effects, the increase in the maximum log likelihood improved the fit of the model and reduced the residual variances (Liu et al. 2006 , Meyer 2000 , Sesana et al. 2010 . In the present study, estimates of residual variance decreased as the order of the model increased. Models 8 and 9 were chosen to fit the additive genetic and permanent environmental effects for the analysis of fat and protein percentages, respectively. The maximum log likelihood of model 8 for fat had significant difference with other models, but this model had no significant difference with model 9, considering the higher order of fit for the random effects in model 9. Therefore, the Legendre polynomial functions of orders (5, 5) and (5, 6) were chosen to fit the additive genetic and permanent environmental effects of fat and protein percentages, respectively.
Parameters
Estimates of additive genetic and permanent environmental (co)variances of random regression coefficients for test day fat and protein percentages are presented in Tables 4 and 5 , respectively. As indicated in Figure 1 , additive genetic and permanent environmental variances had the highest amounts in the early days of lactation for fat. For protein percentage, additive genetic variances increased in the first and last days of lactation (Figure 2) , whereas permanent environmental variances were the highest at the beginning of lactation. Based on the results of Meyer et al. (2004) and Zavadilová et al. (2005) on Holstein cows, the highest additive genetic and permanent environment variances for dairy traits occurred in the first and last days of lactation (Interbull 1992) . In the present study, the heritability estimates for fat percentage were lower than those for protein percentage over the lactation. Consistent with the current results, Abdullahpour et al. (2010) , DeGroot et al. (2007) , Druet et al. (2004) , Hammami et al. (2008) and Silvestre et al. (2005) reported lower heritability estimates for milk fat during lactation. The characteristics of fat in the way of being much influenced by temporary environmental effects may be the main reason for its lower heritability (Abdullahpour et al. 2010) . In addition, since the determination of milk fat and protein percentage requires the application of special laboratory equipment, any measurement error in calculating the percentage of milk fat and protein samples increases the error variance and thus reduces the estimate of heritability for the trait. Estimated parameters for 305 d yields are presented in Table 6 . 
Genetic trends
The annual genetic trends (standard error) for milk fat and protein percentages in Iranian Holstein cattle were −0.74 kg (0.054) and −0.64 kg (0.033), respectively. Genetic trends were Figure 3 Heritability estimates for fat (line) and protein (dash) percentages during lactation negative and significant (P<0.01) for both traits. Estimates of genetic trends for both traits are presented in Figure 4 . Abdullahpour et al. (2010) also reported on negative genetic trends for milk fat and protein percentages in Iranian Holsteins. Negative genetic trends for fat and protein percentages are likely the result of major emphasis on milk yield and neglecting fat and protein percentages in the sire selection at the level of farms during past years. This condition could cause a correlated response for fat and protein percentages as the result of selection for milk because of the probably negative correlation between milk yield and milk fat and protein (Abdullahpour et al. 2010) . Hashemi & Nayebpoor (2008) reported on negative genetic correlation between milk yield and fat and protein percentages in Iranian Holstein population. Freitas et al. (1995) estimated a genetic trend of −0.22 and −0.21 kg for fat and protein yields in the Brazilian dairy cattle. Kunaka & Makuza (2005) reported on genetic trends of 0.127 and 0.39 kg for fat and protein yields. These reports are in contrast with the results of the present study. This discrepancy is probably due to the difference between years of procurement records for these studies. Phenotypic trends (standard error) for fat and protein percentages in this study were −0.007 kg (0.0004) and −0.003 kg (0.0002), respectively. The phenotypic trend (figure 5) for both traits was negative and significant (P<0.01). Considering the negative phenotypic trends for the traits in this study, negative genetic trends did not seem unreasonable. In conclusion, the results of the present study indicate that heritability of fat percentage was the highest in the beginning days, third and fourth months of lactation and heritability of protein was the highest in the last months of lactation. Therefore, it was suggested to select for these traits in these periods of lactation. The relatively low heritability estimates obtained in this study indicate that studied traits are more influenced by environmental factors than by genetic effects. Negative genetic trends for fat and protein percentages are likely the result of major emphasis on milk yield and neglecting fat and protein percentages in the sire selection at the level of farms during past years. Therefore, studied traits have not been considered to be improved in the breeding program.
